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DESCRIPTION 



METHOD FOR MANUFACTURING M I CROMACH I NE 

5 Technical Field 

The present invention relates to a method for 
manufacturing a micromachine including an oscillator. 

Background Art 

10 In recent years, concomitant with the advancement of 

techniques for manufacturing microstructures on substrates, 
so-called micromachines (Micro Electro-Mechanical Systems, 
hereinafter referred to as "MEMS") and compact apparatuses 
incorporating MEMSs have drawn attentions. The MEMS is a 

15 device composed of an oscillator, which is a movable 

structural element, and a semiconductor integrated circuit 
or the like which controls the drive of the oscillator and 
which is electrically and mechanically coupled therewith. 
In addition, the oscillator is incorporated in part of the 

20 device, and the drive of the oscillator is electrically 
performed using the Coulomb force or the like between 
electrodes. 

Of the MEMSs as described above, in particular, devices 
formed using a semiconductor process have the following 
25 various features. That is, for example, the devices each 
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require a small area, can realize a high Q value (quality- 
indicating the sharpness of resonance of an oscillation 
system) , and can be integrated with another semiconductor 
device (integration) ; hence, the use as a high-frequency 
5 filter for wireless communication has been proposed (for 

example, see C.T.-C. Nguyen, "Micromechanical components for 
miniaturized low-power communications (invited plenary) , " 
proceedings 1999 IEEE MTT-S International Microwave 
Symposium RF MEMS Workshop, June, 18, 1999, pp. 48 - 77) . 

10 Incidentally, when a MEMS is integrated with another 

semiconductor device, the structure has been proposed in 
which encapsulation is performed for the oscillator, which 
is a part of the MEMS, so that a wiring layer or the like is 
further provided above the oscillator (for example, see 

15 Japanese Unexamined Patent Application Publication No. 2002- 
94328 (p. 7 and Fig. 10)). However, when the oscillator is 
encapsulated, a hollow structure must be formed around the 
oscillator, that is, it is required that a space around a 
movable portion of the oscillator is ensured so as to place 

20 the oscillator in a movable state. For ensuring the space 
around the movable portion described above, in general, so- 
called sacrifice-layer etching is performed. 

The sacrifice- layer etching is etching in which a thin 
film is formed beforehand around the movable portion of the 

25 oscillator and is then removed by etching so as to form the 
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space (gap) around the movable portion. In addition, the 
thin film formed around the movable portion for sacrifice- 
layer etching is called a sacrifice layer. 

However, the integration of the MEMS with another 
5 semiconductor device has various problems. In general, for 
this integration, a process for manufacturing the MEMS 
(particularly, the oscillator thereof) is performed in a 
final step which is added to a manufacturing process (such 
as a CMOS process) of said another semiconductor. 

10 Accordingly, in the process for manufacturing the MEMS, in 
order to avoid adverse influences on the semiconductor 
device which is already formed, a high- temperature process 
cannot be performed. That is, the oscillator must be formed 
at a low temperature, and as a result, the process therefor 

15 may not be easily performed in some cases. 

On the other hand, when the part of the MEMS, that is, 
the oscillator, is encapsulated, a wiring layer or the like 
may be further formed thereabove, and as a result, even 
though the oscillator is formed at a high temperature, an 

2 0 adverse influence of the high- temperature process on the 
wiring layer or the like can be avoided. However, in the 
case described above, since the space around the movable 
portion of the oscillator formed by sacrifice- layer etching 
is vacuum- sealed, a specific packaging technique using an 

2 5 insulating material or the like is required (for example, 
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see Japanese Unexamined Patent Application Publication No. 
2002-94328 (p. 7 and Fig. 10) . That is, since a packaging 
step for vacuum sealing is required, manufacturing cannot be 
easily performed using the existing semiconductor process 
5 (such as a CMOS process) , and as a result, the production 
efficiency of a device including the MEMS may be decreased 
in some cases . 

Accordingly, an object of the present invention is to 
provided a method for manufacturing a micromachine , in which 

10 the oscillator, which is the part of the MEMS, is sealed 
using sacrifice- layer etching in order to achieve easier 
formation of the MEMS, and in which even in the case 
described above, removal of a sacrifice layer and sealing 
can be performed without using any specific packaging 

15 technique . 

Disclosure of Invention 

The present invention provides a method for 
manufacturing a MEMS including an oscillator in order to 

2 0 achieve the object described above. The method described 

above comprises a step of forming a sacrifice layer around a 
movable portion of the oscillator; a step of covering a 
sacrifice layer with an overcoat film, followed by the 
formation of a penetrating hole in the overcoat layer which 

25 reaches the sacrifice layer; a step of performing sacrifice- 
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layer etching for removing the sacrifice layer using the 
penetrating hole in order to form a space around the movable 
portion; and a step of performing a film- formation treatment 
at a reduced pressure so as to seal the penetrating hole 
5 following the sacrifice-layer etching. 

According to the manufacturing method of a MEMS, which 
has the procedure described above, since the step of forming 
a sacrifice layer, the step of covering the sacrifice layer 
with an overcoat film, and the step of performing sacrifice- 

10 layer etching are performed, a wiring layer or the like can 
be further formed above the overcoat film. That is, after 
the steps described above, a step of forming a wiring layer 
or the like may be performed. Hence, when the oscillator is 
formed in a previous step (such as a step prior to an 

15 aluminum step of a CMOS process) , although the oscillator is 
formed at a high temperature, the high temperature process 
will not adversely influence on a wiring layer or the like. 

In addition, since the step of performing a film- 
formation treatment at a reduced pressure is performed so as 

20 to seal the penetrating hole, in this step, the space around 
the movable portion of the oscillator is sealed in an 
evacuated state. Furthermore, since the penetrating hole is 
sealed in the film- format ion treatment at a reduced pressure, 
a film-formation technique of a semiconductor process (such 

25 as a CMOS process) can be used as it is. Accordingly, the 
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film- formation step can be continuously performed in 
conjunction with other steps of the semiconductor process, 
and in addition, a specific packaging technique for vacuum 
sealing is not required. 
5 According to the method for manufacturing a MEMS of the 

present invention, since the oscillator, which is the part 
of the MEMS, is sealed, even when the oscillator is formed 
at a high temperature, adverse influence thereof on a wiring 
layer or the like can be avoided, and as a result, easier 

10 formation of a MEMS can be achieved. Furthermore, since the 
sealing of the space formed by the sacrifice-layer etching 
is performed by the film-formation treatment at a reduced 
pressure, without using any specific packaging technique, 
the removal of the sacrifice layer and the sealing can be 

15 performed. Hence, according to the present invention, even 
when a MEMS is integrated with another semiconductor device, 
the production efficiency of the device including the MEMS 
can be improved. 

2 0 Brief Description of the Drawings 

Figs. 1A and IB are views illustrating one example of 
the structure of a MEMS obtained by the present invention; 
Fig. 1A is a plan view; Fig. IB is a front view; and Fig. 1C 
is a cross-sectional view taken along A-A 1 in Fig. 1A. 

25 Figs. 2A to 2D are views (part 1) illustrating one 
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procedure of a method for manufacturing a MEMS according to 
the present invention, and Figs. 2A to 2D are showing 
respective steps. 

Figs. 3A to 3D are views (part 2) illustrating one 
5 procedure of a method for manufacturing a MEMS according to 
the present invention, and Figs. 3A to 3D are showing 
respective steps. 

Fig. 4 is a view illustrating another example of the 
structure of a MEMS obtained by the present invention. 

10 

Best Mode for Carrying Out the Invention 

Hereinafter, with reference to figures, a method for 
manufacturing a MEMS according to the present invention will 
be described. However, it is to be naturally understood 

15 that the following embodiments which are to be described are 
merely preferable detailed examples of the present invention, 
and that the present invention is not limited thereto. 

Prior to the description of the method for 
manufacturing a MEMS, a schematic structure of the MEMS will 

2 0 be described. In this embodiment, a MEMS used as a high- 
frequency filter for wireless communication will be 
described by way of example. Figs. 1A to 1C are views 
illustrating one example of the structure of a MEMS obtained 
by the present invention. 

2 5 As shown in Fig. 1A, in addition to an input electrode 
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2 and an output electrode 3, a MEMS 1 which will be 
described has a belt-shaped beam type oscillator 
(hereinafter simply referred to as "oscillator") 4 formed of 
a conductive material such as polycrystalline silicon (Poly- 
5 Si) containing phosphorus. When a voltage having a specific 
frequency is applied to the input electrode 2, a beam 
portion (movable portion) of the oscillator 4 oscillates at 
its natural oscillation frequency, and the capacitance of a 
capacitor, which is formed of a space between the output 

10 electrode 3 and the movable portion of the oscillator 4, is 
changed and is then output from the output electrode 3. 
Hence, when the MEMS 1 is used as a high-frequency filter, 
compared to a high-frequency filter using a surface acoustic 
wave (SAW) or a thin film acoustic wave (FBAR) , a high Q 

15 vale can be realized. 

The input electrode 2, the output electrode 3, and the 
oscillator 4, which constitute the MEMS 1, are all formed as 
shown in Fig. 1C over the structure composed, for example, 
of a SiN (silicon nitride) film 7, a SiC>2 film 6, and a 

20 semiconductor substrate (hereinafter referred to as "Si 
substrate") 5 formed of Si (single crystal silicon), 
provided in that order from the top side. Since being 
formed over the Si substrate 5, the MEMS 1 can be integrated 
with another semiconductor device. 

25 In the MEMS 1, since the movable portion of the 
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oscillator 4 oscillates at the natural oscillation frequency 
thereof, the space around the movable portion of the 
oscillator 4 is ensured. However, since the movable portion 
of the oscillator 4 is covered with an overcoat film 8 as 
5 described later, the space is ensured in the vertical and 
the horizontal directions of the cross-section of the 
movable portion, that is, is ensured all around the cross- 
section thereof. 

In addition, at the upper side of the oscillator 4, in 

10 order to seal the movable portion of the oscillator 4 by 
covering, the overcoat film 8 composed, for example, of a 
SiN film is formed. By the presence of this overcoat film 8, 
in the MEMS 1, while being placed in a movable state, the 
oscillator 4 is sealed, and as a result, a wiring layer or 

15 the like can also be further provided above the overcoat 

film 8. By this structure, it is said that the MEMS 1 is a 
device which can be suitably integrated with another 
semiconductor device . 

In this embodiment, on part of the upper surface of the 

20 overcoat film 8, a sputter film 9 composed, for example, of 
an Al-Cu (aluminum-copper) film or an Al-Si (aluminum- 
silicon) film is formed. This sputter film 9 is provided 
for sealing the penetrating holes 10 which are provided in 
the overcoat film 8 for sacrifice-layer etching in order to 

2 5 ensure the space around the movable portion of the 
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oscillator 4. 

Next, a method for manufacturing the MEMS 1 described 
above, that is, a method for manufacturing a MEMS, according 
to the present invention, will be described. Figs. 2A to 3D 
5 are views illustrating one procedure of a method for 

manufacturing a MEMS according to the present invention. 

When the MEMS 1 having the structure described above is 
formed, first, as shown in Fig. 2A, the Si02 film 6 and the 
SiN film 7, each functioning as an insulating film, are 
10 formed on the Si substrate 5 by a reduced pressure CVD 

(chemical vapor deposition) method. In addition, on the 
surface of the above film, as shown in Fig. 2B, a film is 
formed using a selectively etchable material such as 
polycrystalline silicon (Poly-Si) containing phosphorus (P) , 
15 and subsequently, by using known lithographic and dry 

etching techniques, a lower wire 11 is formed by patterning. 

After the lower wire 11 is formed by patterning, as 
shown in Fig. 2C, a SiC>2 film is formed, for example, by a 
reduced pressure CVD method and is then patterned by known 
2 0 lithographic and dry etching techniques, so that the lower 
wire 11 is covered with a SiC>2 film 12. This SiC>2 film 12 
functions as a sacrifice layer as described later. 

Next, as shown in Fig. 2D, on the SiC>2 film 12, a Poly- 
Si film is formed, for example, by a reduced pressure CVD 
25 method and is then patterned by using known lithographic and 
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dry etching techniques, so that the belt-shaped oscillator 4 
made of Poly Si is formed. 

After the oscillator 4 is formed, subsequently, as 
shown in Fig. 3A, a SiC>2 film is formed, for example, by a 
5 reduced pressure CVD method and is then patterned by using 
known lithographic and dry etching techniques, so that the 
oscillator 4 is covered with a SiC>2 film 13. This SiC>2 film 
13 also functions as a sacrifice layer. Accordingly, the 
periphery of the movable portion of the oscillator 4, that 

10 is, all the surfaces including side surfaces of the cross 
section of the oscillator 4 in the vertical and horizontal 
directions are covered with the SiC>2 film 12 and the SiC>2 
film 13. That is, in the lower direction of the cross 
section of the oscillator 4, the SiC>2 film 12 is present, 

15 and in the horizontal direction and the upper direction of 
the cross section of the oscillator 4, the Si02 film 13 is 
present . 

As described above, after the Si02 film 12 and the SiC>2 
film 13, each functioning as a sacrifice layer, are formed, 

20 as shown in Fig. 3B, on the surfaces thereof, a SiN film 14 
is formed, for example, by a reduced pressure CVD method. 
This SiN film 14 functions as an overcoat film covering the 
sacrifice layers. In addition, in this SiN film 14, the 
penetrating holes 10 reaching the sacrifice layer (one of 

25 the Si02 film 12 and the SiC>2 film 13) are formed by known 
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lithographic and dry etching techniques. 

After forming the penetrating holes 10, sacrifice-layer 
etching for removing the sacrifice layers is performed using 
the penetrating holes 10, so that the space is formed around 
5 the movable portion of the oscillator 4. That is, as shown 
in Fig. 3C, using a solution, which selectively removes SiC>2, 
such as an aqueous hydrofluoric acid solution (DHF solution) , 
the Si02 film 12 and the SiC>2 film 13 are removed. 
Accordingly, around the movable portion of the oscillator 4, 

10 that is, along the entire periphery of the cross-section of 
the movable portion, a space (gap) corresponding to the 
thickness of the sacrifice layer is formed, and hence the 
movable portion of the oscillator 4 is allowed to oscillate 
at the natural oscillation frequency. 

15 After the sacrifice-layer etching, a film-formation 

treatment which is the most characteristic step in this 
embodiment is performed at a reduced pressure. In 
particular, for example, a film- formation treatment by 
sputtering is performed in an evacuated state, and as shown 

20 in Fig. 3D, the sputter film 9 is formed for sealing the 

penetrating holes 10. Since the film- formation treatment is 
executed by sputtering, as a reactant gas used in this step, 
for example, an argon (Ar) gas, which is an inert gas, may 
be mentioned. In addition, as the sputter film 9, for 

25 example, a thin film of a metal or a metal compound, such as 
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an Al-Cu film or an Al-Si film, may be mentioned. 
Subsequently, after being formed, the sputter film 9 is 
patterned into wires or the like by using known lithographic 
and dry etching techniques. 
5 Through the procedure (respective steps) as described 

above, the MEMS 1 shown in Figs. 1A to 1C is formed. 
However, the manufacturing method performed by the above 
procedure is not only applied to the MEMS 1 having the 
structure shown in Figs. 1A to 1C but may also be applied to 

10 a MEMS having a different structure as long as the MEMS is 

formed by sacrifice-layer etching which is performed using a 
penetrating hole provided in an overcoat film. 

Fig. 4 is a view illustrating another example of the 
structural of a MEMS obtained by the present invention. 

15 Since the lower wire 11 is buried, a MEMS la shown in the 

figure is different from the MEMS 1 shown in Figs. 1A to 1C; 
however, the MEMS la described above can even be 
manufactured by a procedure (respective steps) similar to 
that for the above MEMS 1. That is, it is considered that 

2 0 the penetrating holes 10 provided in the overcoat film 8 for 
sacrifice-layer etching can be sealed by a film-formation 
treatment using sputtering. 

In addition, in both the MEMS 1 and the MEMS la shown 
in Figs. 1A to 1C and 4, the case in which the oscillator 4 

25 is a belt-shaped beam type is described by way of example; 
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however, even in the case of a so-called ring type 
oscillator or disc type oscillator, as long as a hollow 
structure is used in which a space for a movable portion is 
ensured therearound, the manufacturing method according to 
5 above procedure can be applied in the exactly same manner as 
that described above. Furthermore, as means for driving 
oscillation in the oscillator, the case in which static 
electricity is used is described in the above example; 
however, the means is not always limited to the 

10 electrostatic drive, and for example, it may be applied to a 
piezoelectric driven FBAR in the exactly same manner as 
described above. 

As described above, according to the method for 
manufacturing a MEMS described in this embodiment, since 

15 there are provided the steps of forming the SiC>2 film 12 and 
the SiC>2 film 13 functioning as a sacrifice layer around the 
oscillator 4, the step of covering the sacrifice layers with 
the SiN film 14 which is the overcoat film, and the step of 
performing the sacrifice-layer etching, a wiring layer or 

20 the like can be further disposed above this SiN film 14. 

That is, after the steps described above, a step of forming 
a wiring layer or the like can be performed. Hence, by 
forming the oscillator 4 in a step prior to the above step, 
the oscillator 4 can be formed at a position lower than that 

2 5 of a metal wiring layer or the like. As a result, even when 
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the oscillator 4 is formed at a high temperature, the high- 
temperature process will not adversely influence the wiring 
layer or the like, and hence the easier formation of the 
oscillator 4 can be achieved. 
5 Furthermore, according to the method for manufacturing 

a MEMS described in this embodiment, since the step of 
sealing the penetrating holes 10 by the film- formation using 
sputtering is performed following the sacrifice-layer 
etching, the space around the movable portion of the 

10 oscillator 4 can be sealed in the step described above. 

Hence, a specific packaging technique using an insulating 
material or the like is not required. That is, without 
performing a packaging step for a vacuum sealing, the space 
formed by the sacrifice -layer etching around the movable 

15 portion of the oscillator 4 can be sealed. 

In addition, it may also be considered that the sputter 
film 9 used for sealing is to be used as wires or the like. 
That is, it may also be considered that by using the sputter 
film 9 for forming wires or the like, the penetrating holes 

20 10 are sealed; hence, in the case described above, the 

sealing and the formation of wires or the like are realized 
in the same step, and as a result, the improvement in 
efficiency of the manufacturing process can be very 
effectively realized . 

25 Furthermore, since the penetrating holes 10 are sealed 
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by the film- formation treatment using sputtering, a film- 
formation technique of a semiconductor process (such as a 
CMOS process) can be used as it is and, in addition, the 
technique described above can be continuously performed in 
conjunction with other steps of the above semiconductor 
process. That is, sealing can be performed in a so-called 
in-line process. As a result, integration with a CMOS 
process or the like can be very easily performed, and in 
addition to that, MEMS evaluation in a wafer state can also 
be performed. 

As has thus been described, when a MEMS is formed by 
the manufacturing method described in this embodiment, even 
when the MEMS is integrated with another semiconductor 
device, the manufacturing of the MEMS can be performed in an 
existing semiconductor process (such as a CMOS process) , and 
as a result, the production efficiency of the device 
including the MEMS can be improved. 

In particular, as described in this embodiment, when 
being performed by the film- formation treatment using 
sputtering, the sealing is executed in an argon gas which is 
an inert gas, and hence it is very preferable in terms of 
safety and reliability. 



